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(54) Semiconducteur device and method for fabricating the same, memory core chip and memory 
peripheral circuit chip 

(57) The semiconductor device of the invention 
includes a plurality of circuit blocks including a first circuit 
block and a second circuit block, a block parameter of 
the first circuit block being different from a block param- 
eter of the second circuit block. In the semiconductor 
device, the first circuit block is formed on a first semicon- 
ductor chip, and the second circuit block is formed on a 
second semiconductor chip and is electrically connected 
with the first circuit block. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a semiconductor 
memory device and a semiconductor device including a 
semiconductor memory device. More specifically, the 
present invention relates to a semiconductor memory 
device which can be effectively fabricated using mufti 
chip module (hereinafter, simply referred to as an 
"MCM") technologies and a semiconductor device 
including such a semiconductor memory device. 

2. Description of the Related Art: 

A dynamic random access memory (DRAM) device 
is a widely used semiconductor memory device. A 
DRAM generally includes a memory cell array including 
a plurality of memory cells arranged in an array as a 
memory section. In order to reduce the number of pins 
used for a package of a DRAM, a chip having a circuit 
configuration shown in Figure 1 is generally formed. As 
shown in Figure 1 , the DRAM 95 includes a circuit block 
50 where a memory cell array 1 including a plurality of 
memory cells arranged in an array is provided as a center 
section, and the following circuits are laid out at the same 
pitch as the pitch for the plurality of memory cells inside 
the memory cell array 1 : a row decoder 5 and a word 
driver 6 for selecting a word line; a sense amplifier 4 for 
amplifying a signal on a bit line; a column selector 3 for 
selecting a bit data at an arbitrary position from the signal 
amplified by the sense amplifier 4 so as to output the 
selected data to a data line; and a column decoder 2 for 
generating a select signal to be supplied to the column 
selector 3. Hereinafter, such a circuit block 50 including 
the memory cell array 1 and the above circuits laid out 
at the same pitch as the pitch for the plurality of memory 
cells inside the memory cell array 1 will be called a "mem- 
ory core section". Furthermore, the following circuits are 
laid out without depending upon the memory cell pitch 
inside the memory cell array 1 : a row address buffer 10 
for receiving a row address from an address signal 
A(1 0:0) input terminal 32; a column address buffer 9 for 
receiving a column address through the same terminal 
32; a row address counter 11 for generating a refresh 
address; a row pre-decoder 8 for decoding an input 
address signal beforehand so as to convert the signal 
output from the row address buffer 10 into a signal 
applied to the row decoder 5; a column pre-decoder 7 
for decoding an input address signal beforehand so as 
to convert the signal output from the column address 
buffer 9 into a signal applied to the column decoder 2; a 
data input buffer 1 2 for inputting a data to a data DQ(7:0) 
input terminal 36; a data output buffer 13 for oulputting 
a data from the data DQ(7:0) output terminal 36; a write 
amplifier 14 for writing a data onto a memory cell; a read 
amplifier 15 for reading out a data from a memory cell; 



an RAS/CAS-clock generator 16 for generating a timing 
signal used inside the DRAM based on an RAS signal 
and a CAS signal input through an RAS signal input ter- 
minal 30 and a CAS signal input terminal 31 , respec- 

5 tively; a WE-clock generator 17 for generating a write 
timing signal based on a WE signal input through a WE 
signal input terminal 35; an OE-clock generator 18 for 
generating a timing signal for an output data based on 
an OE signal input through an OE signal input terminal 
10 37; a boosting potential generator 19 for generating a 
voltage required for the inside of the DRAM so as to boost 
a word line potential; a substrate potential generator 20 
for generating a potential applied to a substrate; and a 
1/2 VCC generator 21 for generating a 1/2 VCC required 

is as a potential applied to a bit line pre-charge and a cell 
plate. Hereinafter, the above circuits laid out without 
depending upon the memory cell pitch inside the mem- 
ory cell array 1 will be called a "memory peripheral circuit 
section" as a whole. 

20 Since the DRAM 95 includes on one chip the above- 
described circuits shown in Figure 1 , only address pins, 
data pins, several control signal pins and power supply 
pins are necessary as external pins for mounting the 
DRAM on a package. Therefore, the DRAM can be 

25 mounted on a small package. For example, in an eight 
bit data I/O 16 Mbit DRAM, 11 address pins. 8 data 
input/output pins, 4 control signal pins and 2 power sup- 
ply pins, i.e., 25 pins in total, are used. Accordingly, such 
a DRAM can be mounted on a package with 28 pins. 

30 Figure 2 shows an exemplary layout for the DRAM 
(16 Mbit DRAM in this case) having the circuit configu- 
ration shown in Figure 1 . As shown in Figure 2, the mem- 
ory cell array 1 is divided into four 4 Mbit plates, and each 
4 Mbit plate is further divided into sixteen 256 Kbit mem- 

35 ory cell blocks. Each 256 Kbit memory cell block 96 
includes memory cells in 256 rows x 1024 columns. The 
number of sense amplifiers 4 and column selectors 3 
provided for each memory cell block is the same as the 
number of the columns of the memory cell, i.e., 1024. 

40 The row decoder 5 and the word driver 6 are provided 
for each memory ceil block; the column decoder 2 is pro- 
vided for each plate; and the memory peripheral circuit 
section is disposed in the portion 94 between the right 
and left side column decoders 2 in the center portion of 

45 the chip and in the peripheral portion of the chip. In this 
case, the select signal output from the column decoder 
2 to the column selector 3 is a signal commonly used for 
the plates on right and left sides. Because the select sig- 
nal line cannot cross the memory peripheral circuit see- 
so tion 94 in the center portion, the column decoders 2 are 
disposed on right and left plates respectively. Pads used 
for connecting the chip with external pins are disposed 
in pad formation sections 40 in the center portion 94 of 
the chip. These pads and the external pins of the pack- 

55 age are connected with a wire bond. 

In this case, the terminal capacitance of the data 
input/output terminal 36 for inputting/outputting the data 
becomes the largest among the terminal capacitances 
of the respective signal terminals 30 to 32 and 35 to 37 
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when the chip is mounted on the package. A total termi- 
nal capacitance, obtained by adding the gate capaci- 
tance of an input transistor; a line capacitance from the 
terminals to the input transistor; a capacitance of a 
device for protecting the input transistor from an electric 
surge; a diffusion capacitance of a signal output transis- 
tor; a capacitance of a device for protecting the output 
transistor from an electric surge; and capacitances of a 
lead and a wire bond of the package, approximately 5 
pF. A plurality of memory devices are generally provided 
for a system, and the respective terminals of the plurality 
of memory devices are commonly connected with each 
other via bus lines. Accordingly, the characteristics of a 
DRAM are generally estimated assuming that a load 
capacitance of 50 pF is connected with the respective 
pins. Currently, a data I/O with a bit width of about 8 to 
1 6 bits is practically used in consideration of not only the 
limitation of the number of the package pins but also the 
increase in the power consumption and the noise caused 
by the load capacitance drive. 

Figure 3 shows an embodiment of a system using a 
DRAM. In Figure 3, a packaged DRAM 72 and signal 
processing LSI 71 such as a CPU are soldered together 
with a printed wiring board 70. The DRAM 72 and the 
signal processing LSI 71 are connected with each other 
via a printed wiring 73. Figure 3 shows a configuration 
of a system using one DRAM. However, a large number 
of systems use a plurality of DRAMs. 

A DRAM is fabricated by performing complicated 
semiconductor fabrication processes having a large 
number of process steps in order to fabricate a small- 
area and large-capacity memory cell capacitor or a 
memory cell transistor with a small amount of leakage 
current. Accordingly, the fabrication cost of the DRAM 
using a 0.5 \im design rule is about 1 .5 times as high as 
the fabrication cost of a logic LSI fabrication process for 
forming a logic LSI using the same design rule. 

In the DRAM having the circuit configuration shown 
in Figure 1. the DRAM fabrication process is necessary 
only for the memory cell array 1 , and the components 
other than the memory cell array 1 on the chip can be 
fabricated using the logic LSI process for forming a logic 
LSI. However, as shown in Figure 2, all the components 
of the DRAM having the circuit configuration shown in 
Figure 1 are fabricated using the DRAM fabrication proc- 
ess, so that the fabrication cost of the DRAM becomes 
disadvantageous^ high. 

This is true of semiconductor memory devices other 
than the DRAM. In an SRAM, an EE PROM, a flash mem- 
ory and the like, the portion including the peripheral cir- 
cuit section other than the memory cell array is formed 
on one chip using processes requiring a higher cost as 
compared with a logic LSI fabrication process, thereby 
further increasing the cost of the semiconductor memory 
device. 

In addition, as described above, the bit width of the 
data I/O generally used for a memory device is as small 
as 8 to 1 6 bits. Therefore, in a system for transmitting a 
data with a large bit width, the data I/O with a large bit 



width is formed using a large number of memory devices 
with a small capacity. As a result, such a system 
becomes large scale and requires a higher cost. 

On the other hand, as a small-sized and faster 

5 response system has been developed, MCM technolo- 
gies for mounting a plurality of bare chips including mem- 
ory devices on one and the same substrate and 
connecting the chips with a shortest wiring has been 
developed. However, in the memory chip used for such 

10 an MCM. the expensive memory devices fabricated in a 
conventional configuration shown in Figure 2 are used, 
and the bit width of the data I/O on one memory chip is 
limited. Therefore, in order to realize a large bit width data 
I/O. it is necessary to use a large number of memory 

is devices with a small capacity. 

Furthermore, in order to improve the data storage 
characteristics of the memory cells and accelerate the 
access time, the potential of the semiconductor sub- 
strate of a DRAM is set to be negative. This negative 

20 potential is generated by a substrate potential generator 
20 integrated on the DRAM chip. On the other hand, the 
semiconductor substrate used for a logic LSI is generally 
grounded. Therefore, the impedance of the semiconduc- 
tor substrate for the DRAM becomes higher than the 

25 impedance of the semiconductor substrate for the logic 
LSI, so that the latch up and the electric surge resistance 
of the DRAM are degraded. As a result, a large area sec- 
tion for protecting the input from an electric surge is 
required, and a triple well structure process where only 

30 the memory cell region on the substrate is set to be at a 
negative potential is required for a DRAM fabricated by 
a fine patterning process, thereby further increasing the 
cost of the DRAM. 

Moreover, in a system using memory devices, plural 

35 kinds of memory devices, not only the DRAM but also an 
SRAM, an EEPROM. a flash memory and the like, are 
frequently used. In all these memory devices, the periph- 
eral circuits are mounted on one and the same chip 
where the memory cells are mounted, so that every 

40 memory chip includes the circuits operating in the same 
manner. 

SUMMARY OF THE INVENTION 

45 The semiconductor device of the invention includes 
a plurality of circuit blocks including a first circuit block 
and a second circuit block, a block parameter of the first 
circuit block being different from a block parameter of the 
second circuit block. In the semiconductor device, the 

so first circuit block is formed on a first semiconductor chip, 
and the second circuit block is formed on a second sem- 
iconductor chip and is electrically connected with the f irst 
circuit block. 

According to another aspect of the present inven- 
55 tion, a method for fabricating a semiconductor device is 
provided. The method includes the steps of: grouping a 
plurality of circuits which are integratable on one and the 
same semiconductor chip into a first circuit block and a 
second circuit block, a block parameter of the first circuit 
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block being different from a block parameter of the sec- 
ond circuit block; forming the first circuit block on a first 
semiconductor chip; forming the second circuit block on 
a second semiconductor chip; and electrically connect- 
ing the first circuit block with the second circuit block. 

In one embodiment, the first circuit block is a mem- 
ory cell block including a plurality of memory cells, and 
the second circuit block is a memory peripheral circuit 
block for accessing selected memory cells of the mem- 
ory cell block. 

In another embodiment, the first circuit block is a 
CPU core, and the second circuit block is a peripheral 
circuit block. 

According to still another aspect of the present 
invention, a semiconductor device including a plurality of 
circuits, which are integratable on one and the same 
semiconductor chip, grouped into a first circuit block and 
a second circuit block is provided. In the semiconductor 
device, a block parameter of the first circuit block is dif- 
ferent from a block parameter of the second circuit block. 
The first circuit block is formed on a first semiconductor 
chip, and the second circuit block is formed on a second 
semiconductor chip and is electrically connected with the 
first circuit block. 

According to still another aspect of the present 
invention, a semiconductor device including a first circuit 
section having a plurality of circuit blocks for performing 
at least a first function, and a second circuit section hav- 
ing a circuit block for performing a second function which 
is different from the first function is provided. In the sem- 
iconductor device, at least one circuit block of the plural- 
ity of circuit blocks of the first circuit section is formed on 
a first semiconductor chip together with the circuit block 
of the second circuit section, and the other circuit blocks 
of the first circuit section are formed on a second semi- 
conductor chip which is different from the first semicon- 
ductor chip, and the other circuit blocks are electrically 
connected with the circuit block formed on the second 
semiconductor chip, and a block parameter concerning 
the at least one circuit block of the first circuit section 
formed on the first semiconductor chip is closer to a block 
parameter concerning the circuit block of the second cir- 
cuit section as compared with a block parameter con- 
cerning the other circuit blocks of the first circuit section 
formed on the second semiconductor chip. 

In one embodiment, the first circuit section at least 
includes a memory cell block and a memory peripheral 
circuit block as the plurality of circuit blocks for perform- 
ing the first function, and the second circuit section 
includes a signal processor as the circuit block for per- 
forming the second function, and the signal processor 
and the memory peripheral circuit block are formed on 
the first semiconductor chip and the memory cell block 
is formed on the second semiconductor chip. 

In another embodiment, the block parameter is a 
parameter selected from the group consisting of: an 
operational clock frequency; a design rule; a threshold 
value (Vt) of a transistor; a power voltage; whether the 
circuit block consists of digital circuits or analog circuits; 



whether the circuit block is an ordinary MOS circuit, a 
CMOS circuit, a bipolar circuit, or a bi-CMOS circuit; 
whether the circuit block is a ROM or a RAM; and 
whether the circuit block is a logic circuit or a memory. 

s According to still another aspect of the present 
invention, a memory peripheral circuit section chip is pro- 
vided. The memory peripheral circuit section chip 
includes: an input/output terminal for transmitting/receiv- 
ing a signal to/from another semiconductor memory core 

10 chip having a memory cell array, and a memory periph- 
eral circuit for designating a memory cell of the memory 
cell array in the semiconductor memory core chip based 
on a given address so as to read/write a data from/onto 
the memory cell. 

is According to still another aspect of the present 
invention, a memory core chip is provided. The memory 
core chip includes: an input/output terminal for transmit- 
ting/receiving a signal to/from another semiconductor 
chip having a memory peripheral circuit, and a memory 

20 cell array. In the memory core chip, a memory cell is des- 
ignated by the memory peripheral circuit of the semicon- 
ductor chip based on a given address so as to read/write 
a data from/onto the memory cell. 

According to still another aspect of the present 

25 invention, a semiconductor memory device is provided. 
The semiconductor memory device includes: at least 
one memory core section chip formed by performing a 
first semiconductor fabrication process; a memory 
peripheral circuit section chip formed by performing a 

30 second semiconductor fabrication process which is dif- 
ferent from the first semiconductor fabrication process; 
and a means for connecting the memory core section 
chip with the memory peripheral circuit section chip. 
In one embodiment, the memory core section chip 

35 includes a memory cell for storing a data therein, and the 
memory peripheral circuit section chip designates the 
memory cell in the memory core section chip based on 
a given address so as to read/write a data from/onto the 
memory cell. 

40 According to still another aspect of the present 
invention, a semiconductor memory device is provided. 
The semiconductor memory device includes: a plurality 
of memory core section chips formed by performing a 
first semiconductor fabrication process; a memory 

45 peripheral circuit section chip formed by performing a 
second semiconductor fabrication process different from 
the first semiconductor fabrication process; and a means 
for connecting the plurality of memory core section chips 
with the memory peripheral circuit section chip. In the 

50 semiconductor memory device, the plurality of memory 
core section chips commonly use at least a part of cir- 
cuits included in the memory peripheral circuit section 
chip. 

According to still another aspect of the present 
55 invention, a semiconductor device is provided. The sem- 
iconductor device includes: at least one memory core 
section chip including a memory cell, formed by perform- 
ing a first semiconductor fabrication process, for storing 
a data therein; a signal processing chip including a mem- 
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ory peripheral circuit section formed by performing a sec- 
ond semiconductor fabrication process which is different 
from the first semiconductor fabrication process, and a 
signal processor for processing a signal using the data 
stored in the memory core section chip; and a means for 5 
connecting the memory core section chip with the signal 
processing chip. 

In one embodiment, the memory peripheral circuit 
section designates the memory cell in the memory core 
section chip based on a given address so as to read/write 10 
a data from/onto the memory cell. 

In another embodiment, a plurality of the memory 
core section chips are provided, and commonly use at 
least a part of circuits of the memory peripheral circuit 
section. 15 

According to still another aspect of the present 
invention, a semiconductor device is provided. The sem- 
iconductor device includes a memory chip and a signal 
processing chip which are mounted on one and the same 
substrate. In the semiconductor device, the memory chip 20 
includes: a memory cell array section including a plurality 
of memory cells for storing a data therein; an access 
means for designating a memory cell in the memory cell 
array section based on a given address so as to 
input/output data thereto/therefrom; and a data terminal 25 
for inputting/out-putting a plurality of data in parallel; the 
signal processing chip includes a data terminal for input- 
ting/outputting a plurality of data in parallel; and a means 
for transmitting a plurality of data in parallel between the 
memory chip and the signal processing chip is provided. 30 

In one embodiment, the memory chip is formed by 
performing a first semiconductor fabrication process, 
and the signal processing chip is formed by performing 
a second semiconductor fabrication process which is dif- 
ferent from the first semiconductor fabrication process. 35 

In another embodiment, the signal processing chip 
further includes a plurality of signal processors. 

According to still another aspect of the present 
invention, a semiconductor device is provided. The sem- 
iconductor device includes a memory core section chip 40 
and a signal processing chip which are mounted by uti- 
lizing multi-chip module mounting technologies. In the 
semiconductor device, the memory core section chip 
includes: a memory cell array including a plurality of 
memory cells for storing a data therein; and a data ter- 45 
minal for inputting/outputting a plurality of data in parallel; 
the signal processing chip includes a data terminal for 
designating a memory cell in the memory core section 
chip based on a given address so as to read/write a data 
from/onto the memory cell and input/output a plurality of so 
data in parallel, and a plurality of signal processors; and 
a means for transmitting a plurality of data in parallel 
between the memory core section chip and the signal 
processing chip is provided. 

In one embodiment, the memory core section chip ss 
is formed by performing a first semiconductor fabrication 
process, and the signal processing chip is formed by per- 
forming a second semiconductor fabrication process 



which is different from the first semiconductor fabrication 
process. 

Thus, the invention described herein makes possi- 
ble the advantage of providing a high-performance sem- 
iconductor device at a lower cost. 

This and other advantages of the present invention 
will become apparent to those skilled in the art upon 
reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing an exemplary 
circuit configuration for a conventional DRAM. 

Figure 2 is a plan view showing an exemplary layout 
for the DRAM shown in Figure 1 . 

Figure 3 is a perspective view showing an exemplary 
configuration for a conventional system using a semicon- 
ductor memory device. 

Figure 4A shows a plurality of circuit blocks grouped 
based on generally used functional criteria; 

Figure 4B schematically shows a layout of a semi- 
conductor device including these circuit blocks inte- 
grated on one and the same semiconductor chip; and 

Figure 4C schematically shows a layout of a semi- 
conductor device, where these circuit blocks are classi- 
fied into two groups based on the block parameter of 
whether each circuit block is digital or analog, and the 
respective circuit blocks are re-arranged on two different 
semiconductor chips. 

Figure 5 A is a plan view showing an MCM; Figure 
5B is a cross-sectional view of the MCM; and Figure 5C 
is a perspective view of the MCM. 

Figures 6 A and 6B are plan views illustrating a first 
method for distributing a plurality of blocks. 

Figures 7A and 7B are plan views illustrating a sec- 
ond method for distributing a plurality of blocks. 

Figure 8 is a flow chart showing a method for fabri- 
cating a semiconductor device according to the present 
invention. 

Figure 9 is a block diagram showing an exemplary 
configuration for a semiconductor device according to a 
first example of the present invention. 

Figure 1 0 is a plan view showing an exemplary lay- 
out for the semiconductor device shown in Figure 9. 

Figure 11 is a block diagram showing an exemplary 
configuration for a semiconductor device according to a 
second example of the present invention. 

Figure 12 is a plan view showing an exemplary lay- 
out for the semiconductor memory device shown in Fig- 
ure 1 1 . 

Figure 1 3 is a plan view showing an exemplary con- 
figuration for a semiconductor device according to a third 
example of the present invention. 

Figure 14 is a plan view showing an exemplary con- 
figuration for a semiconductor device according to a 
fourth example of the present invention. 
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Figure 15 is a plan view showing an exemplary con- 
figuration for a semiconductor device according to a fifth 
example of the present invention. 

Figure 16A is a graph showing a power voltage 
dependence of the logic gate delay time, while Figure 
1 6B is a graph showing a power voltage dependence of 
a DRAM access time. 

Figure 17 is a table showing in comparison various 
characteristics of respective exemplary systems. 

Figure 1 8 is a plan view showing an exemplary con- 
figuration for a semiconductor device according to a sixth 
example of the present invention. 

Figures 19A and 1 9B show another exemplary con- 
figuration for the semiconductor device according to the 
sixth example of the present invention. 

Figure 20A is a block diagram schematically show- 
ing a configuration for a controller MCU, while Figure 20B 
is a block diagram schematically showing a configuration 
for a video processing MCU. 

Figure 21 A illustrates a method for grouping the cir- 
cuit blocks with respect to the controller MCU and the 
video processing MCU, while Figure 21 B is a cross-sec- 
tional view schematically showing a connection of the 
two semiconductor chips where the grouped circuit 
blocks are formed. 

Figure 22A illustrates a method for grouping the cir- 
cuit blocks with respect to the controller MCU and the 
video processing MCU. while Figure 22B is a cross-sec- 
tional view schematically showing a connection of the 
two semiconductor chips where the grouped circuit 
blocks are formed. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A semiconductor device of the invention includes a 
plurality of circuit blocks including at least a first circuit 
block and a second circuit block which have different 
block parameters. The first circuit block is formed on a 
first semiconductor chip, while the second circuit block 
is formed on a second semiconductor chip. The "block 
parameter" herein refers to various differences between 
these two circuit blocks, e.g.. an operational dock fre- 
quency; a design rule; a threshold value (Vt) of a tran- 
sistor; a power voltage; whether the circuit block consists 
of digital circuits or analog circuits; whether the circuit is 
an ordinary MOS circuit, a CMOS circuit, a bipolar circuit 
or a bi-CMOS circuit; and the like. The block parameter 
further includes differences in the logic characteristics: 
whether the circuit is a ROM or a RAM; whether the cir- 
cuit is a logic circuit or a memory; and the like. 

In recent years, a so-called "system-on-chip" has 
become the dominant idea in fabricating a semiconduc- 
tor device on a chip. In the system-on-chip, a large-scale 
system is formed on one and the same chip, thereby 
improving various characteristics of the system such as 
the operational speed, and reducing the production cost 
of the system. In such a system-on-chip type semicon- 
ductor device, a plurality of circuit blocks are integrated 



on one and the same semiconductor chip, and the sem- 
iconductor device is designed so that the plurality of cir- 
cuit blocks are arranged in an optimal layout. In some 
cases, the plurality of circuit blocks to be integrated have 

5 respectively different parameters. However, it has gen- 
erally been believed to be most preferable that the plu- 
rality of circuit blocks are integrated on one and the same 
semiconductor chip. The present inventors suspected 
the common sense in the art to be problematic, and have 

w found that the production cost can be effectively reduced 
by classifying a plurality of circuit blocks into several 
groups based on various parameters and distributing the 
respective groups of circuit blocks on different semicon- 
ductor chips, to the contrary of the prevailing common 

is sense. 

In grouping and distributing the plurality of circuit 
blocks, it is important to determine the criteria for group- 
ing the circuit blocks and forming the blocks on the 
respective semiconductor chips. This point will be 

20 described with reference to Figures 4A to 4C. 

Figure 4A shows a plurality of circuit blocks grouped 
based on generally used functional criteria; Figure 4B 
schematically shows a layout of a semiconductor device 
including these circuit blocks integrated on one and the 

25 same semiconductor chip; and Figure 4C schematically 
shows a layout of a semiconductor device, where these 
circuit blocks are classified into two groups based on the 
block parameter of whether each circuit block is digital 
or analog, and the respective circuit blocks are re- 
st? arranged on two different semiconductor chips. 

As shown in Figure 4A, a video processing system 
usable for a home-use game apparatus or the like 
includes: a CPU; a video processing LSI for computer 
graphics (CG); and an NTSC encoder. The NTSC 

35 encoder includes a logic circuit (LOGIC) section and a 
D/A converter (DAC) section. These two sections func- 
tion as an NTSC encoder as a whole. The LOGIC section 
controls an output level of the DAC section based on 
RGB digital signals. The DAC section includes a decoder 

40 section (DAC-DEC) for decoding the digital signals, and 
a current cell array section (DAC-ARRAY) for outputting 
an analog signal in response to the signals supplied from 
the decoder section. The DAC-DEC consists of digital 
circuits while the DAC-ARRAY consists of analog cir- 

45 cuits. As a result, the NTSC encoder can produce an 
NTSC composite signal from the RGB digital signals. 
The CPU. the video processing LSI and the NTSC 
encoder are respectively formed on different semicon- 
ductor chips. Each semiconductor chip is disposed on a 

so circuit board, and the respective semiconductor chips 
are electrically connected with each other via the lines 
provided on the circuit board. The interconnection using 
the fines on the circuit board is regarded as an obstacle 
for a high-speed operation of the system. Therefore, 

55 thanks to the development in the large-scale LSI fabri- 
cation technologies and the design aiding tools using a 
CAD system, the system shown in Figure 4A tends to be 
integrated on one and the same semiconductor chip as 
shown in Figure 4B. 
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According to an embodiment of the present inven- 
tion, the circuit blocks of the system are grouped based 
on the block parameter of whether the circuit block is dig- 
ital or analog, and then distributed on different semicon- 
ductor chips. More specifically, the LOGIC section and 
digital circuits of the DAC section in the NTSC encoder 
are separated from analog circuits of the DAC section, 
and then integrated on one and the same semiconductor 
chip (for digital circuits) together with the CPU block and 
the CG block. On the other hand, the analog circuits of 
the DAC section in the NTSC encoder are formed on 
another semiconductor chip (for analog circuits). By 
arranging the circuit blocks in this manner, the following 
effects are obtained. The analog circuits of the DAC sec- 
tion in the NTSC are sensible to noise and is likely to be 
adversely affected by noise. Therefore, if the DAC sec- 
tion is formed on one and the same semiconductor chip 
where the LOGIC section consisting of digital circuits is 
formed, then the noise caused by the operation of the 
digital circuits possibly reaches the DAC section via the 
semiconductor chip. By grouping the respective circuit 
blocks in the above-described manner and separately 
forming the grouped circuit blocks on the two different 
semiconductor chips in order to fully make use of the 
function of the NTSC encoder, it is possible to eliminate 
such a problem caused by the noise. In addition, the 
process steps for forming an analog circuit and the proc- 
ess steps for forming a digital circuit utilize different sem- 
iconductor fabrication processes, and have respectively 
different design rules. Therefore, if the fabrication proc- 
ess for forming a semiconductor chip for digital circuits 
and the fabrication process for forming another semicon- 
ductor chip for analog circuits are separately performed, 
then it is possible to form the respective semiconductor 
chips while following an optimal design rule and perform- 
ing a simplified production procedure with unnecessary 
process steps omitted. In general, a process with a strict 
design rule requires a relatively higher cost for perform- 
ing a single process step. Accordingly, if a circuit block 
which can be formed following a flexible design rule is 
found and separated from the other circuit blocks so as 
to be formed on another semiconductor chip, then the 
fabrication cost can be reduced as a whole. 

After the circuit blocks are separately formed on a 
plurality of semiconductor chips, an MCM is formed by 
connecting the plurality of semiconductor chips. An MCM 
is formed, for example, by disposing and interconnecting 
two LSI chips via solder bump as shown in Figures 5A 
to 5C. The MCM for the semiconductor device of the 
present invention is different from a conventional MCM 
in that the semiconductor device of the present invention 
does not include a module formed by simply combining 
a plurality of conventional semiconductor chips, but that 
the module of the invention consists of the semiconduc- 
tor chips grouped based on a particular block parameter. 
More specifically, according to the present invention, 
after a system including a plurality of circuit blocks is 
formed, the plurality of circuit blocks are classified into a 
plurality of groups, each of which includes circuits blocks 



having a common or similar block parameter, and then 
the respective groups are formed on different semicon- 
ductor chips so as to constitute a module. 

In another embodiment of the invention, a memory 

5 cell block including a plurality of memory cells and a 
memory peripheral circuit block for accessing a selected 
memory cell of the memory cell block are formed on dif- 
ferent semiconductor chips. The memory cell block and 
the memory peripheral circuit block have different design 

10 rule (minimum size) and different sequences for the fab- 
rication process. However, it has conventionally been 
believed that these blocks should be integrated on one 
and the same semiconductor chip in order to fully make 
use of the function of a DRAM. According to the present 

15 invention, the memory cell block and the peripheral cir- 
cuit block are grouped based on a block parameter of a 
design rule, and then formed on different semiconductor 
chips. This aspect of the present invention will be 
described in detail in the examples. 

20 In still another preferred embodiment, a CPU core 
and a peripheral circuit block are separately formed on 
different semiconductor chips. A "CPU core" herein 
means a unit at least including a control section for per- 
forming a control by decoding an instruction, and an 

25 operation section for performing an arithmetic and logical 
operation, thereby controlling peripheral circuits. 

There are roughly two methods for distributing the 
plurality of circuit blocks. The first method is applied to 
the case where a plurality of circuit b locks A. B and C 

30 are formed on a single semiconductor chip 700 in order 
to accomplish one function as shown in Figure 6A. 
According to the first method, as shown in Figure 6B. a 
circuit block having a different block parameter from 
those of the other circuit blocks is found, and then the 

35 blocks A and B are formed on a semiconductor chip 71 0 
and the block C is formed on another semiconductor chip 
720. These two semiconductor chips 71 0 and 720 are 
connected with each other. 

The second method is applied to the case where a 

40 plurality of circuit blocks A, B and C are formed on a first 
semiconductor chip 800 in order to accomplish a first 
function, and another plurality of circuit blocks D and E 
are formed on a second semiconductor chip 81 0 in order 
to accomplish a second function as shown in Figure 7A. 

45 According to the second method, as shown in Figure 7B, 
a circuit block C having a different block parameter from 
those of the remaining circuit blocks A and B is found, 
and then formed on another semiconductor chip 830. 
The remaining circuit blocks A and B are formed on a 

so semiconductor chip 820. These two semiconductor 
chips 820 and 830 are connected with each other. 

Hereinafter, referring to Figure 8, a method for fab- 
ricating a semiconductor device according to the present 
invention will be described. 

55 First, in Step 1 shown in Figure 8. a net list is deter- 
mined using a CAD system, a block parameter is read, 
and then the hierarchies of the respective circuit blocks 
are classified. Next, in Step 2, the circuit blocks are 
grouped based on a particular block parameter. Then, in 
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Table 3 



5 


when block parameter is power voltage 


LSI-1 


LSI-2 




1 peripheral circuit 


memory core 




2 user circuit 


MCU core 


10 


3 digital circuit 


analog circuit 




4 user circuit 


MCU core 



15 



20 



25 



Table 4 



when block parameter is operational frequency 


LSI-1 


LSI-2 


1 user circuit 

2 memory 

3 high-speed circuit 

4 test circuit 


MCU core 
MCU core 
low-speed circuit 
non-test circuit 



Tables 



30 



35 



40 



when block parameter is logic circuit characteristic 



LSI-1 



1 user circuit 

2 calculator(FPU. etc.) 

3 memory 

4 user circuit 

5 user circuit 

6 digital circuit 

7 CMOS circuit 

8 test circuit 



LSI-2 



MCU core 
MCU core 
MCU core 
calculator(FPU t etc.) 
memory 
analog circuit 
bipolar circuit 
non-test circuit 



13 

Step 3, a group hierarchy is added to the net list, thereby 
completing the distribution of the circuit blocks among a 
plurality of semiconductor chips. 

From Step 4 on, known process steps for fabricating 
semiconductor chips are performed. More specifically, 
the layout of the circuits to be formed on the respective 
semiconductor chips is determined in Step 4; the layout 
is examined in Step 5; a mask data is produced in Step 
6; a mask is formed in Step 7; and then the circuits are 
formed on respective semiconductor chips using the 
mask in Steps 8 and 9. Steps 8 and 9 include a plurality 
of sub-process steps such as a thin film deposition proc- 
ess step and a photolithography process step. 

The two semiconductor chips thus formed are con- 
nected with each other preferably by MCM technologies, 
so as to form one semiconductor device. 

Next, it will be described what kinds of effects can 
be obtained by grouping the circuit blocks based on a 
particular kind of block parameter, with reference to the 
following Tables 1 to 5. Tables 1 to 5 show the respective 
circuits which are classified into two different groups of 
circuit blocks based on the respective block parameters 
and then formed on the first semiconductor chip (LSI-1) 
and the second semiconductor chip (LSI-2). 



Tablet 



when block parameter is design rule 


LSI-1 


LSI-2 


1 peripheral circuit 

2 digital circuit 

3 high-speed circuit 

4 CMOS circuit 

5 user circuit 

6 test circuit 


memory core 
analog circuit 
low-speed circuit 
bipolar circuit 
MCU core 
non-test circuit 



Table 2 



when block parameter is threshold value (Vt) 


LSI-1 


LSI-2 


1 high-speed circuit 

2 peripheral circuit 

3 digital circuit 


low-speed circuit 
memory core 
analog circuit 



As shown on the first line of Table 1 . when the design 
rule is selected as the block parameter, peripheral cir- 
cuits such as row decoders and column decoders are 
formed on the first semiconductor chip and the memory 
core circuit section including a large number of memory 
cells arranged in an array is formed on the second sem- 
iconductor chip. These two semiconductor chips are 
electrically connected with each other so as to constitute 
one semiconductor memory device. 

In the embodiments shown in Table 1 , the fabrication 
cost for the device can be reduced. If a plurality of circuit 
blocks having different design rules are formed on one 
and the same semiconductor chip, then circuit blocks 
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with a flexible design rule coexist with circuit blocks with 
a strict design rule on the same chip. In many cases, a 
relatively expensive fabrication apparatus is required for 
fabricating the circuit blocks with a strict design rule, and 
particular fabrication process steps are required to be s 
additionally performed for forming a fine structure. How- 
ever, if the circuit blocks with a relatively flexible design 
rule are separately formed on a different semiconductor 
chip from the chip where the circuit blocks with a rela- 
tively strict design rule are formed, then the former sem- w 
iconductor chip can be formed by performing relatively 
inexpensive process steps, and the production yield is 
increased. As a result, such a semiconductor device 
including the two semiconductor chips can be fabricated 
at a lower cost and with a satisfactory production yield 15 
as a whole. 

In the embodiments shown in Table 2, a semicon- 
ductor device operating at a high speed with a low power 
consumption can be obtained. In general, a large amount 
of leakage current is likely to be generated in a semicon- 20 
ductor device which can operate at a high speed, so that 
the semiconductor device tends to consume a larger 
amount of power. Circuit blocks with a low threshold 
value of a transistor operate at a relatively high speed, 
but the amount of leakage current generated therein is 25 
relatively large. If the circuit blocks are grouped into the 
circuit blocks to be operated at a relatively high speed 
and the circuit blocks to be operated at a relatively low 
speed based on the threshold value of the transistor, 
then it is possible to form the respective semiconductor 30 
chips by performing the semiconductor fabrication proc- 
esses suitable for the respective semiconductor chips. 
As a result, a semiconductor device operating at a high 
speed with a low power consumption can be formed at 
a relatively low cost. 35 

In the embodiments shown in Table 3, an optimal 
power voltage can be set for each of the semiconductor 
chips, so that a semiconductor device operating at a high 
speed with a low power consumption can be formed at 
a relatively low cost in the same way as the embodiments 40 
shown in Table 2. In general, the operational speed of a 
large-scale integrated circuit (LSI) is increased in propor- 
tion to the power voltage. In other words, if the power 
voltage decreases, then a maximum operational fre- 
quency is reduced. On the other hand, the power con- as 
sumption is in proportion to the square of the power 
voltage. When an LSI is operated at the same frequency, 
the power consumed when the LSI is driven at a power 
voltage of 3 volts becomes approximately 40% of the 
power consumed when the LSI is driven at a power volt- so 
age of 5 volts. If a video processing micro controller unit 
(MCU) operating at a frequency of 25 MHz for a power 
voltage of 3 volts is formed by using MCU cores operat- 
ing at a frequency of 50 MHz for a power voltage of 3 
volts and at a frequency of 25 MHz for a power voltage ss 
of 2 volts, then the video processing MCU comes to oper- 
ate at a relatively higher power voltage for the operational 
frequency thereof, so that the power is wasted. In some 
case, the MCU is preferably operated at a power voltage 



of 2 volts and the peripheral circuits are preferably oper- 
ated at a power voltage of 3 volts. In such a case, if the 
MCU core and the peripheral circuits are formed on dif- 
ferent semiconductor chips and different voltages are 
supplied to the respective semiconductor chips, then a 
high-speed operation of a semiconductor device is real- 
ized at a low power consumption by operating the sem- 
iconductor device at an optimal power voltage. 

In the embodiments shown in Table 4, the fabrication 
cost of the device can be reduced. Circuit blocks operat- 
ing at a relatively high operational frequency and circuit 
blocks operating at a relatively low operational frequency 
have different structures to be fabricated by performing 
different semiconductor fabrication processes. There- 
fore, by forming the respective circuit blocks on different 
semiconductor chips, the fabrication cost of the device 
can be reduced as a whole. In addition, the effects 
obtained in the embodiments shown in Table 2 can also 
be obtained in the embodiments shown in Table 4. 

In the embodiments shown on the first to fifth lines 
of Table 5, the fabrication cost including a design cost 
can be reduced. In these embodiments, circuit blocks 
which can be widely used are formed on one of the sem- 
iconductor chips, while the arrangement of the circuits 
formed on the other semiconductor chip can be selected 
by a user. Therefore, the latter semiconductor chip can 
be designed and fabricated in accordance with the user's 
choice so as to be formed in various arrangements. How- 
ever, the widely-used semiconductor chip can be com- 
monly used for the plural kinds of semiconductor chips 
thus formed. Therefore, in the case of fabricating a plu- 
rality of semiconductor devices or changing the design 
thereof, the fabrication cost can be advantageously 
reduced. 

In the embodiments shown on the sixth line of Table 
5, the deterioration of the performance of the device 
caused by the noise can be prevented, as described 
above. In the embodiments shown on the seventh and 
eighth lines of Table 5, the circuits on the respective sem- 
iconductor chips can be fabricated by performing optimal 
semiconductor fabrication processes therefor, so that 
the fabrication cost can be advantageously reduced. 

Hereinafter, the present invention will be described 
by way of illustrative examples with reference to accom- 
panying drawings. 

Example i 

Figure 9 shows a configuration for a semiconductor 
device according to a first example of the present inven- 
tion. In Figure 9, the semiconductor device uses a con- 
figuration for a DRAM, and the same circuits as those 
shown in Figure 1 are used and identified by the same 
reference numerals. In the DRAM 80, a memory core 
section 50 and a memory peripheral circuit section 60 
are formed on two different semiconductor chips. The 
memory core section chip 50 includes: a memory cell 
array 1 ; and sense amplifiers 4, column selectors 3, col- 
umn decoders 2, word drivers 6, and row decoders 5 
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which are laid out at the same pitch as the pitch for the 
memory cells inside the memory cell array 1 . The signals 
input/output to/from the memory core section chip 50 
include: a predecode address input signal XA1(27:0) 
input through an input terminal 53 to the row decoder 5; 5 
a pre-decode address input signal YAI(23:0) input 
through an input terminal 52 to the column decoder 2; a 
data input/output signal Dco(7:0) input/output through a 
terminal 51 to/from the column selector 3; a substrate 
potential input VBB input through a terminal 56; a boost- w 
ing potential input VPP input through a terminal 55; a cell 
plate potential and bit line pre-charge potential input 
VBP, VCP input through a terminal 54; power supply 
inputs VCC and VSS input through terminals 57 and 58; 
and several control signal inputs (not shown). 15 

The memory peripheral circuit section chip 60 
includes: a row address buffer 10; a column address 
buffer 9; a row address counter 1 1 ; a row pre-decoder 8; 
a column pre-decoder 7; data input/output buffers 1 2 and 
13; a write amplifier 14; a read amplifier 15; an 20 
RAS/CAS-clock generator 16; a WE-clock generator 17; 
an OE-clock generator 1 8; a boosting potential generator 
19; a substrate potential generator 20; and a 1/2 VCC 
generator 21 . The signals input/output to/from the mem- 
ory peripheral circuit section chip 60 include: an address 25 
input signal A(10:0). input through a terminal 32, func- 
tioning as an external signal to the DRAM 80; a data 
input/output signal DQ(7:0) input through a terminal 36; 
an RAS input signal input through a terminal 30; a CAS 
input signal input through a terminal 31 ; a WE input sig- 30 
nal input through a terminal 35; an OE input signal input 
through a terminal 37; and power supply signals VCC 
and VSS input through terminals 33 and 34, respectively. 
The signals to be supplied to the memory core section 
chip 50 include: a pre-decode address output signal 35 
XAo(27:0) output from the row pre-decoder 8 through a 
terminal 63; a pre-decode address output signal 
YAo(23:0) output from the column pre-decoder 7 
through a terminal 62; a data input/output signal 
Ope(7:0) input/output through the data line via a terminal 40 
61 ; a substrate potential generator output signal VBB 
output through a terminal 66; a boosting potential gen- 
erator output signal VPP output through a terminal 65; a 
1/2 VCC generator output signal VCP and VBP output 
through a terminal 64; and several control signal outputs 45 
(not shown). 

By connecting the signals required to be provided 
between the memory core section chip 50 and the mem- 
ory peripheral circuit section chip 60 with each other, it 
is possible to form a DRAM 80 functioning in the same so 
manner as the DRAM 95 shown in Figure 1 . 

Figure 1 0 shows an exemplary layout of the memory 
core section chip 50 of the DRAM 80 divided into the 
memory core section chip 50 and the memory peripheral 
circuit section chip 60 as shown in Figure 9 and an exem- ss 
plary configuration for the two mounted chips. The mem- 
ory core section chip 50 is fabricated by performing the 
DRAM fabrication processes, and includes: a memory 
cell array 1 ; sense amplifiers 4; column selectors 3; row 



decoders 5; and word drivers 6. The four divided memory 
plates of the memory cell array 1 , the row decoders 5 
and the word drivers 6 are laid out in the same manner 
as in Figure 2. However, one column decoder 2 is dis- 
posed in the center portion with respect to a pair of mem- 
ory plates disposed on right and left sides, and the 
column selector select signal output from the column 
decoder 2 is commonly supplied to the column selectors 
inside the memory plates disposed on right and left 
sides. 

On the memory peripheral circuit section chip 60, 
the respective circuits included in the memory peripheral 
circuit section 60 shown in Figure 9 are disposed, and 
the memory peripheral circuit section chip 60 is fabri- 
cated by performing a fabrication process (such as a 
logic LSI fabrication process) different from the DRAM 
fabrication process used for the fabrication of the mem- 
ory core section chip 50. By mounting the memory 
peripheral circuit section chip 60 and the memory core 
section chip 50 on a common substrate 81 and connect- 
ing these two chips with wire bond lines 82, the DRAM 
80 shown in Figure 9 is formed. A pad 83 for connecting 
the chip 60 with external pins is disposed on the memory 
peripheral circuit section chip 60, thereby mounting the 
DRAM having a configuration shown in Figure 10 on a 
package used for mounting a conventional DRAM and 
connecting the pad in the pad formation portion 83 of the 
memory peripheral circuit section chip 60 with external 
pins. 

In the case of using the 16 Mbit DRAM having a con- 
figuration shown in Figure 9, the number of the con- 
nected signal lines between the memory peripheral 
circuit section chip 60 and the memory core section chip 
50 becomes about 60. Therefore, such a connection is 
realized at a lower cost by using the wire bond lines 82 
shown in Figure 10. An inter-chip connection using a 
larger number of connected signal lines is easily realized 
by using a printed wiring board and mounting the chips 
on the board with a bump. 

By forming the memory device in the above- 
described manner, it is possible to use an expensive 
memory fabrication process for the memory core section 
chip 50 only and an inexpensive logic LSI fabrication 
process for the memory peripheral circuit section chip 
60, thereby fabricating an inexpensive DRAM. 

In addition, only the potential of the semiconductor 
substrate for the memory core section chip 50 is set to 
be the substrate potential VBB in order to improve the 
performance of the DRAM, and the potential of the sem- 
iconductor substrate for the memory peripheral circuit 
section chip 60 can be set to be a ground potential like 
a logic LSI. Moreover, the circuits directly connected with 
the external pins of the package exist only on the mem- 
ory peripheral circuit section chip 60. As a result, the 
latch up and electric surge resistance of the DRAM can 
be equalized with those of a logic LSI; the area of the 
protection circuit can be reduced; and the latch up and 
the electric surge can be easily processed in a DRAM 
fabricated by a fine patterning process. 
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In Figure 10, the respective circuits shown in Figure 
9 are formed on the memory core section chip 50 and 
the memory peripheral circuit section chip 60. However, 
the circuit configurations of the memory core section chip 
50 and the memory peripheral circuit section chip 60 5 
depend upon the method for dividing a memory device 
into blocks and the number of the lines between the 
chips. An optimal layout of the circuit elements on the 
memory core section chip 50 and the memory peripheral 
circuit section chip 60 depends upon the required spec- 10 
if ications of the memory device to be fabricated. 

In the foregoing description, an embodiment of an 
inexpensive DRAM according to the present invention 
where the memory core section chip 50 and the memory 
peripheral circuit section chip 60 are fabricated by per- 15 
forming different semiconductor fabrication processes 
has been described. However, as will be appreciated 
easily, by applying the exemplary memory configurations 
as shown in Figures 9 and 10 to semiconductor memory 
devices other than the DRAM, e.g., an SRAM, an EEP- 20 
ROM, a flash memory and the like, the same effects can 
be attained. 

Example 2 

25 

In Figures 9 and 10. an embodiment of the memory 
device having only one memory core section is shown. 
However, if a memory device having a capacity required 
for a system cannot be formed by using one chip, then it 
is necessary to use a plurality of chips for forming the 30 
system. Figure 1 1 shows a conf iguration for a semicon- 
ductor device according to a second example of the 
present invention. In Figure 1 1 , a plurality of memory 
core sections (two memory core section chips in this 
example) are provided and the memory core sections 35 
and the memory peripheral circuit section are formed on 
different chips. The memory core section chips 121-1 
and 121-2 include the same circuit elements as those 
provided for the memory core section chip 50 shown in 
Figure 9. The buffers 67 to 69 are provided for the signals 40 
input/output to/from the memory core section chips 121 - 
1 and 121-2, and the respective signals are controlled 
so as to be activated by chip select signals CS input/out- 
put to/from terminals 59-1 and 59-2. respectively. The 
peripheral circuit section chip 1 22 has the same conf ig- 45 
uration as that of the peripheral circuit section chip 60 
shown in Figure 9 except that two chip select signals CS1 
and CS2 input/output through terminals 38 and 39, 
respectively, cross the chip. Figure 12 shows an exem- 
plary layout for the semiconductor device where the so 
memory core section chips 121-1 and 121-2 and the 
peripheral circuit section chip 122 are mounted on a sub- 
strate 120 and the respective chips are connected with 
each other. As shown in Figure 12, the respective signal 
pads are connected via a wire bond 82 with the substrate ss 
120; the signal lines of the memory core section chips 
121-1 and 121-2 are commonly connected with each 
other via the lines 131 on the substrate 120 except for 
the chip select signals CS, and connected with the 



peripheral circuit section chip 122. The respective chip 
select signals CS of the memory core section chips 1 21 - 
1 and 121-2 are independently connected with the two 
chip select signals CS1 and CS2 input/output through 
the terminals 38 and 39, respectively, of the peripheral 
circuit section chip 122. 

In the case of externally accessing the memory core 
section chip 121-1, necessary signals are supplied to the 
RAS signal input terminal 30; the CAS signal input ter- 
minal 31; the WE signal input terminal 35; and the OE 
signal input terminal 37. and a select signal is supplied 
to the CS1 input terminal 38, thereby activating the signal 
line buffers 67 to 69 of the memory core section chip 121- 
1 , supplying the necessary signals to the memory core, 
and performing the access. In this case, since the select 
signal is not supplied to the CS2 input terminal 39, the 
signal line buffers 67 to 69 of the memory core section 
chip 121-2 are not activated, and the access to the mem- 
ory core section is not performed. Therefore, by gener- 
ating the chip select signals CS1 and CS2 by one bit of 
an address for the memory and supplying the remaining 
addresses to an address terminal 32, the access to the 
entire memory space formed by the memory core sec- 
tion chips 121-1 and 121-2 can be performed. 

In Figures 1 1 and 1 2. two memory core section chips 
are used. However, as will be readily appreciated, even 
when a larger number of memory core section chips are 
used, by supplying to the memory peripheral circuit the 
same number of chip select signals as the number of the 
memory core section chips, the same function is real- 
ized. 

By using the configurations shown in Figures 1 1 and 
1 2, the memory peripheral circuit can be commonly used 
among a plurality of memory core section chips. 

Example 3 

As described above, it is possible to fabricate an 
inexpensive semiconductor memory device by dividing 
a semiconductor memory device into the memory core 
section chip and the memory peripheral circuit section 
chip and connecting both chips using some mounting 
member. 

However, such a memory device, together with 
another LSI such as a signal processing LSI, constitute 
a system Hereinafter, a method for realizing an optimal 
semiconductor device including such a memory device 
and a signal processing LSI will be described at a sys- 
tematic level. 

In order to form a signal processing system, it is pref- 
erable to use integrated signal processing chips and 
semiconductor memory chips. Accordingly, a signal 
processing system is formed by combining a plurality of 
signal processing chips and a plurality of memory chips. 

On the other hand, MCM bare chip mounting tech- 
nologies have been developed for downsizing a system 
such as a portable equipment. According to the MCM 
bare chip mounting technologies, a bare LSI chip is 
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mounted on a substrate and the respective LSI chips are 
connected with each other by utilizing various methods. 

Figure 13 shows an exemplary configuration for a 
semiconductor device using a semiconductor memory 
chip and a signal processing chip according to a third s 
example of the present invention. In Figure 13, a DRAM 
is used as the semiconductor memory chip. As shown in 
Figure 13, a DRAM core section chip 201 and a signal 
processing chip 202 are mounted on a circuit board 200. 
The DRAM core section chip 201 has the same circuit io 
configuration as that of the memory core section chip 50 
shown in Figure 9 and is fabricated by performing a mem- 
ory fabrication process. The signal processing chip 202 
includes: a signal processor 206 for performing a logic 
operation and the like ; a D RAM peripheral circuit section 15 
203; and a pad formation section 204 for connecting the 
pad with external pins. In the signal processing chip 202. 
the signal processor 206 can perform a logic operation 
and the DRAM peripheral circuit section 203 has the 
same circuit configuration as that of the memory pertph- 20 
era! circuit section 60 shown in Figure 9. Accordingly, the 
signal processing chip 202 can be fabricated by perform- 
ing logic LSI fabrication processes. The DRAM periph- 
eral circuit section 203 and the DRAM core section chip 
201 are connected with wire bond lines 208. In this case, 25 
if the memory capacity of 2 Mbytes is required for the 
system, then the memory capacity of the DRAM core 
section chip 201 becomes 16 Mbits. Therefore, such a 
system can be fabricated by using one chip according to 
the current semiconductor fabrication technologies. In 30 
the case of transmitting the data at a bit width of eight 
bits between the signal processor 206 and the memory, 
the number of the signal lines connected between the 
DRAM peripheral circuit section 203 and the DRAM core 
section chip 201 becomes about seventy as described 35 
above referring to Figure 10. Therefore, the DRAM 
peripheral circuit section 203 and the DRAM core section 
chip 201 can be connected by a wire bonding method as 
shown in Figure 13. 

In such a configuration, when the signal processor 40 
206 in the signal processing chip 202 accesses the 
DRAM, the signal processor 206 inputs and outputs the 
data by supplying addresses and control signals to the 
DRAM peripheral circuit section 203 provided in the 
same chip. 45 

By using such a configuration, only the memory core 
section of the DRAM core section chip 201 laid out at the 
pitch of the memory cells is fabricated by performing the 
expensive memory fabrication processes, and the 
DRAM peripheral circuit section 203 together with the so 
signal processor 206 can be fabricated by performing 
inexpensive semiconductor fabrication processes. In the 
case where a large scale signal processor 206 is formed 
in the signal processing chip 202, the increase in the size 
of the signal processing chip 202 can be considerably ss 
reduced as compared with the case where the DRAM 
peripheral circuit section 203 is not provided. Therefore, 
even when the DRAM peripheral circuit section 203 is 
provided, the decrease in the production yield and the 



increase in the cost necessary for fabricating the chip 
are very small, and an inexpensive system can be fabri- 
cated. 

As described above, according the MCM technolo- 
gies, the signal processing chip and the memory chip 
can be connected with each other via a large number of 
lines. Therefore, a high-performance signal processing 
system is realized at a lower cost by utilizing the MCM 
technologies. 

Example 4 

Figure 1 4 shows a configuration for a semiconductor 
device according to a fourth example of the present 
invention. In Figure 14, the semiconductor device 
includes a signal processing system consisting of a sem- 
iconductor memory chip and a signal processing chip 
fabricated by the MCM technologies. In this example, a 
DRAM is used as the semiconductor memory chip. The 
signal processing chip 302 includes: a CPU core 303 for 
performing an operation; a data cash memory 304 and 
an instruction memory 305 for realizing a fast access to 
the memory. In the case where the access from the CPU 
core 303 to the data cash memory 304 and the instruc- 
tion memory 305 is a mishit, a large amount of data is 
required to be transmitted between the DRAM chip 301 
and the data cash memory 304 and between the DRAM 
chip 301 and the instruction memory 305 in order to sub- 
stitute the data of the DRAM chip 301 for the block data 
inside the data cash memory 304 and the instruction 
memory 305. Since the time required for transmitting the 
data affects the processing performance of the system, 
the data is required to be transmitted in a short period of 
time. 

In this case, if the memory capacity of 2 Mbytes is 
required for the system, then the memory capacity of the 
DRAM chip 301 becomes 16 Mbits. Therefore, such a 
system can be fabricated by using one chip according to 
the current semiconductor fabrication technologies. In a 
conventional 16 Mbit DRAM, the bit width for input- 
ting/outputting the data is in an approximate range of 8 
to 16 bits in consideration of the increase in the power 
consumption and noise caused by the load capacitance 
drive, as described above. On the other hand, the capac- 
itance of the data pin terminals of the packaged DRAM 
shown in Figure 3 becomes about 5 pF as described 
above, and the capacitance of the data pin terminals of 
the signal processing LSI is substantially the same as 
that of the DRAM. Consequently, the capacitance of the 
data lines connected with the signal processing LSI and 
the DRAM in mounting the signal processing LSI and the 
DRAM on a printed wiring board shown in Figure 3 
becomes equal to the total of the respective terminal 
capacitances and the capacitance of the printed wiring 
board, e.g., approximately 15 pF On the other hand, in 
the configuration shown in Figure 14. the respective 
chips are supposed to be fabricated by utilizing the MCM 
mounting technologies. Accordingly, since the external 
load capacitance of the data pins for the signal process- 
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ing LSI and the DRAM is limited, a transistor size of the 
input/output buffers is not required to be increased. In 
addition, since the data pins are not directly connected 
with the external pins, it is not necessary to provide an 
electric surge protection device, the terminal capaci- 5 
tance of the data pins can be set to be about 1 pF There- 
fore, since the capacitance of the data lines connected 
with the signal processing LSI and the ORAM becomes 
about 2 pF, the power consumption required for driving 
the data pin capacitance becomes equal to the power w 
consumption required for the mounting shown in Figure 
3. even when the number of the data pins is in a range 
of 60 to 120 bits. 

Therefore, by using the system configuration shown 
in Figure 1 4, a plurality of data terminals can be provided 15 
for the signal processing chip 302 and the DRAM chip 
301 in order to transmit the data between the signal 
processing chip 302 and the DRAM chip 301 at a higher 
rate. As a result, a plurality of data can be simultaneously 
transmitted between these chips. In addition , even when 20 
the access from the CPU core 303 to the data cash mem- 
ory 304 and the instruction memory 305 is a mishit, the 
rate for transmitting the data can be set to be high 
between the signal processing chip 302 and the DRAM 
chip 301 , thereby realizing a high-performance system. zs 

As described above, when an LSI is fabricated in the 
system configuration shown in Figure 14 by utilizing the 
MCM technologies, the signal processing chip and the 
memory chip can be connected with each other via a 
large number of lines. Therefore, by providing a plurality 30 
of data terminals for the signal processing chip 302 and 
the DRAM chip 301 , respectively, a plurality of data can 
be simultaneously transmitted, so that a high speed data 
transmission is realized. 

35 

Example 5 

Hereinafter, a semiconductor device having a sys- 
tem configuration according to a fifth example of the 
present invention will be described. The semiconductor 40 
device of the fifth example can simultaneously transmit 
a plurality of data by utilizing MCM technologies, thereby 
realizing a low-voltage operation of the device at a low 
power consumption. 

Figure 1 5 shows a configuration for the semiconduc- as 
tor device according to the fifth example of the present 
invention. The semiconductor device has a system con- 
figuration allowing for the transmission of a plurality of 
data between a semiconductor memory and a signal 
processing LSI. and a parallel processing of the data in so 
the signal processing LSI. In this example, a DRAM is 
used as the semiconductor memory. The signal process- 
ing chip 402 includes two CPU cores 403 and 404 for 
performing a parallel processing. Both the DRAM chip 
401 and the signal processing chip 402 include a plurality ss 
of data terminals in order to transmit the data through 
the data terminals between the DRAM chip 401 and the 
signal processing chip 402. The DRAM chip 401 and the 



signal processing chip 402 are connected with each 
other via a large number of wire bond lines 406. 

In the case where the signal is processed by the sig- 
nal processing system having an architecture of 8 bits 
including the CPU cores 403 and 404 for performing an 
8 bit processing, two data can be simultaneously proc- 
essed by the CPU cores 403 and 404 if the data is trans- 
mitted at 16 bits between the DRAM chip 401 and the 
signal processing chip 402. Therefore, the signal 
processing system shown in Figure 15 can double the 
amount of the data to be processed as compared with 
the system shown in Figure 3 where the data is transmit- 
ted at 8 bits between the signal processing LSI and the 
DRAM, and the signal processing LSI processes the 
data at 8 bits. 

In addition, in the case where the same amount of 
data as that of the data processed by the system shown 
in Figure 3 is processed by the system shown in Figure 
15, the power consumption can be considerably 
reduced. Figure 1 6A is a graph showing a power voltage 
dependence of the gate delay at the logic gates used in 
the signal processing chip 402, while Figure 16B is a 
graph showing a power voltage dependence of an 
access time in the DRAM chip 401. The amount of the 
delay is doubled at the voltage of about 1 .9 V both in the 
logic gate (Figure 1 6A) and the DRAM (Figure 1 6B) with 
respect to the delay at the power voltage of 3.3 V con- 
ventionally used. Therefore, by using the system shown 
in Figure 15 where a two-word data transmission is per- 
formed between the DRAM chip 401 and the signal 
processing chip 402 and the signal is processed in par- 
allel by the two CPU cores 403 and 404 of the signal 
processing chip 402, the same amount of data as that of 
the data processed at the power voltage of 3.3 V by the 
system shown in Figure 3 can be processed at the power 
voltage of 1 .9 V. 

Figure 1 7 is a table for comparing conventional sys- 
tems and the system shown in Figure 1 5 of the semicon- 
ductor device according to the fifth example of the 
present invention. In Figure 17, a discrete system (Sys- 
tem 1 ) is a system where the packaged memory and sig- 
nal processing LSI are mounted on a printed wiring 
board as shown in Figure 3; a widely used chip (MCM; 
System 2) is a system obtained by mounting a conven- 
tional memory chip and signal processing chip utilizing 
the MCM technologies; and System 3 is a system shown 
in Figure 15 of the semiconductor device according to 
the fifth example of the present invention. The principal 
feature of System 3 lies in that a plurality of data is simul- 
taneously transmitted and processed in parallel between 
the signal processing chip and the memory chip. Sys- 
tems 1 and 2 operate at a clock of 20 MHz, while System 
3 operates at a clock of 10 MHz. However, since a parallel 
processing is performed in System 3, the same perform- 
ance as those of Systems 1 and 2 is realized by System 
3. Therefore, a power voltage of 3.3 V is required for 
operating Systems 1 and 2, whereas the power voltage 
required for operating System 3 is 1 .9 V. When a power 
consumption of about 1 W is required for operating Sys- 
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terns 1 and 2, the power consumption required for oper- 
ating System 3 is only about 250 mW. Consequently, 
System 3 realizes the same performance by consuming 
a power one fourth as small as the power required for 
operating Systems 1 and 2. 5 

As described above, by transmitting a plurality of 
data and processing the data in parallel utilizing the MCM 
technologies according to the present invention, a sys- 
tem operating at a low voltage and a low power consump- 
tion is realized. w 

Example 6 

Figure 18 shows a semiconductor device according 
to a sixth example of the present invention for realizing is 
a system where a plurality of data is transmitted and 
processed in parallel by utilizing MCM technologies at a 
lower cost. Figure 18 shows an exemplary configuration 
for a portable information terminal device or the like 
including a DRAM chip, a flash memory chip and a signal 20 
processing chip formed by utilizing the MCM technolo- 
gies. As shown in Figure 18, the signal processing chip 

102, the DRAM core section chip 101, and the flash 
memory core section chip 103 are mounted on a com- 
mon substrate 100. The signal processing chip 102 25 
includes: two CPU c ores 107 and 108 for performing a 
parallel processing; a DRAM peripheral circuit section 
104; and a flash memory peripheral circuit section 105. 
Furthermore, in order to transmit a plurality of data 
among the signal processing chip 102, the DRAM core 30 
section chip 1 01 , and the flash memory core section chip 

103, a plurality of data terminals are provided for the 
DRAM core section chip 1 01 . the flash memory core sec- 
tion chip 103, and the DRAM peripheral circuit section 

1 04 and the flash memory peripheral circuit section 1 05 35 
inside the signal processing chip 102. The signal 
processing chip 102, the DRAM core section chip 101, 
and the flash memory core section chip 103 are con- 
nected with each other via a large number of wire bond 
lines 110 and 111. 40 

In such a system configuration, a system operating 
at a low voltage and a low power consumption is realized 
by transmitting a plurality of data and processing the data 
in parallel utilizing the MCM technologies as described 
with reference to Figures 15 to 17. In addition, in the 45 
same way as the system shown in Figure 1 3, only the 
memory core section laid out at the pitch for the memory 
cells is required to be fabricated by utilizing expensive 
semiconductor fabrication processes in the DRAM core 
section chip 1 01 and the flash memory core section chip so 
103. The DRAM peripheral circuit section 104 and the 
flash memory peripheral circuit section 105 ( can be 
formed on one and the same chip where the signal proc- 
essor 1 06 and the CPU cores 1 07 and 1 08 are mounted 
by performing the semiconductor fabrication processes ss 
such as a logic LSI process at a lower cost as compared 
with the memory process. Therefore, it is possible to real- 
ize an inexpensive system operating at a low voltage and 
a low power consumption. 



As already described with reference to Figures 11 
and 12, in the case of using a plurality of memory core 
section chips having the same configuration, the mem- 
ory peripheral circuit can be commonly used. In the same 
way, by using one and the same word configuration for 
the DRAM core section chip 101 and the flash memory 
core section chip 1 03 in the semiconductor device shown 
in Figure 18 fabricated by utilizing the MCM technolo- 
gies, the memory peripheral circuit can be commonly 
used between the DRAM core section chip and the flash 
memory core section chip as shown in Figure 19A. As 
shown in Figure 19A, the semiconductor device 
includes: a DRAM core section chip 501 ; a flash memory 
core section chip 503; and a signal processing chip 502. 
The signal processing chip 502 includes: a signal proc- 
essor 506; CPU cores 507 and 508; and a memory 
peripheral circuit 504. 

Figure 19B shows a detailed configuration for the 
memory peripheral circuit 504. Since the DRAM core 
section chip 501 and the flash memory core section chip 
503 are controlled in different manners, the memory 
peripheral circuit 504 includes a DRAM controller 520 
and a flash memory controller 523. The DRAM controller 

520 is controlled based on a RAS signal and a CAS sig- 
nal and the flash memory controller 523 is controlled 
based on a chip enable (CE) signal. An address circuit 

521 including: the column address buffer 9; the row 
address buffer 10; the row address counter 11; the col- 
umn pre-decoder 7; and the row pre-decoder 8 shown in 
Figure 9, and a data circuit 522 including: the data input 
buffer 12; the data output buffer 13; the write amplifier 
14; and the read amplifier 15 also shown in Figure 9 are 
commonly used by the DRAM core section chip 501 and 
the flash memory core section chip 503. 

The DRAM core section chip 501, the signal 
processing chip 502 and the flash memory core section 
chip 503 are mounted on the substrate 500, the signal 
terminals for connecting the respective chips with each 
other are bonded with the substrate 500 by the wire bond 
510, and the respective chips are connected with each 
other through the lines 51 1 to 51 3 on the substrate 500. 
Through the signal terminals of the memory peripheral 
circuit 504, a DRAM core control signal is connected with 
the DRAM core section chip 501 through the lines 51 1 , 
a flash memory control signal is connected with the flash 
memory core section chip 503 through the lines 51 2, and 
signals for the address and data circuits are connected 
with the DRAM core section chip 501 and the flash mem- 
ory core section chip 503 through the lines 513. 

In the case where the signal processing chip 502 
reads out the data from the DRAM core section chip 501 , 
the RAS, CAS and OE signals are generated by the sig- 
nal processor 506, and then supplied to the memory 
peripheral circuit 504 together with the addresses. In the 
memory peripheral circuit 504, the DRAM controller 520 
generates a DRAM core control signal based on the 
RAS, CAS and OE signals, and the address circuit 521 
generates a predecode address and supplies the 
address to the DRAM core section chip 501, thereby 
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reading out the data from the ORAM core and outputting 
the data to the signal processor 506 via the data circuit 
522. In this case, since CE is not supplied to the flash 
memory controller 523, the flash memory control signal 
is not generated and the flash memory core section chip 5 
503 remains in the waiting state. In the case where the 
signal processing chip 502 reads out the data from the 
flash memory core section chip 503, the CE and OE sig- 
nals are generated by the signal processor 506 and then 
supplied to the memory peripheral circuit 504 together 10 
with the addresses. In the memory peripheral circuit 504, 
the flash memory controller 523 generates a flash mem- 
ory core control signal based on the CE and OE signals, 
and the address circuit 521 generates a pre-decode 
address and supplies the address to the flash memory i5 
core section chip 503. thereby reading out the data from 
the flash memory core and outputting the data to the sig- 
nal processor 506 via the data circuit 522. In this case, 
since RAS and CAS are not supplied to the DRAM con- 
troller 520. the D RAM control signal is not generated and 20 
the DRAM core section chip 501 remains in the waiting 
state. In writing the data from the signal processing chip 
502 to the DRAM core section chip 501 or the flash mem- 
ory core section chip 503, the data can be written onto 
either one of the DRAM core section chip 501 and the 2 5 
flash memory core section chip 503, by supplying either 
the RAS and CAS signals or the CE signal to the memory 
peripheral circuit 504. 

In the semiconductor device shown in Figures 1 9A 
and 19B, the same word configuration is used for the 30 
memory core section of the DRAM core section chip 501 
and the flash memory core section chip 503. However, 
even when different word configurations are used for the 
two chips, a part of the column address buffer, the row 
address buffer, the column pre-decoder, and the row pre- 35 
decoder in the address circuit 521 and a part of the data 
input buffer, the data output buffer, the read amplifier and 
the write amplifier in the data circuit 522 can be com- 
monly used, as will be easily understood. 

As described above, even when a plurality of mem- 40 
ories of different kinds are used, a part of a memory 
peripheral circuit can be commonly used by forming a 
memory core section and a memory peripheral circuit 
section on different chips. 

In the foregoing examples, the present invention has 45 
been described as being applied to a DRAM. However, 
as described at first the present invention is not limited 
to a DRAM. The embodiments where the present inven- 
tion is applied to the DRAM have been described in 
detail. Tnis is because, if a principal aspect of the present so 
invention where a memory core section and a memory 
peripheral circuit section of a DRAM are formed on dif- 
ferent semiconductor chips is described in detail, then it 
is possible to most suitably illustrate one of the main fea- 
tures of the present invention and indicate the problems ss 
of the conventional idea that the memory core section 
and the memory peripheral circuit section of the DRAM 
should be formed on one and the same semiconductor 



chip. In addition, the present invention is not limited to an 
MCM. 

Example 7 

Hereinafter, a method for grouping the circuit blocks 
into the groups to be formed on different semiconductor 
chips will be described with reference to the drawings. 

Figure 20A is a block diagram showing a configura- 
tion for a generally used controller MCU 902, while Fig- 
ure 20B is a block diagram showing a configuration for 
a generally used video processing MCU 903. 

First, the circuit information of the controller MCU 
902 and the block parameters representing the features 
of the respective circuit blocks are extracted and read 
into a CAD system. Next, the hierarchies of the respec- 
tive blocks are classified until the blocks can be grouped. 
For example, an LSI-0 is classified into the following cir- 
cuit blocks: an MCU core; a serial l/F; a ROM; a RAM; a 
timer; an interrupt control; a D/A; and an A/D. 

Next, based on a parameter of whether each circuit 
block is an "MCU core" or a "peripheral circuit", the hier- 
archically classified circuit blocks are grouped. 

In this example, the circuit blocks in the MCU core 
are selected as a group of LSI-1, and the circuit blocks 
in the serial l/F. the ROM, the RAM. the timer, the inter- 
rupt control, the D/A and the A/D are selected as groups 
of LSI-2, so that hierarchies LSI-1 and LSI-2 are pro- 
duced. 

By performing the same procedure, hierarchies LSI- 
1 and LSI-2 can be produced with respect to the video 
processing MCU. 

Figure 21 A schematically shows a state where an 
MCU core 905 and peripheral circuits 904 are separated 
from the controller MCU 902 and the video processing 
MCU 903. Figure 21 B schematically shows the cross 
section of a semiconductor device in which the MCU core 
section chip 905 and the peripheral circuit section chip 
904 or 906 are connected with each other by utilizing 
MCM technologies. 

Figure 22A shows a case where the MCM core, the 
ROM and the RAM are selected as the circuit blocks 
belonging to the group LSI-1 and the serial l/F. the timer, 
the interrupt control, the D/A and the A/D are selected 
as the circuit blocks belonging to the group LSI-2 in 
grouping the respective circuit blocks. Figure 22B sche- 
matically shows the cross section of a semiconductor 
device in which a chip 908 for the MCU core and the com- 
mon section is connected with a peripheral circuit section 
chip 907 or 909 by utilizing the MCM technologies. 

By grouping the circuits so as to be formed on the 
"MCU core section chip" (or a "chip for the MCU core and 
the common section") and the peripheral circuit section 
chip, the following advantages can be obtained. If the cir- 
cuit blocks commonly used for the two kinds of MCUs 
are formed on one and the same semiconductor chip, 
then the circuit area of the semiconductor device con- 
sisting of the two chips is reduced as a whole and the 
production yield is increased. In addition, in the case 
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where an MCU is newly designed or in the case where 
the design of the MCU is changed, it is sufficient to newly 
design peripheral circuits with a relatively small size or 
change the design thereof without changing the design 
of the MCU core. Moreover, only the newly designed 5 
peripheral circuits are required to be tested, so that it is 
not necessary to additionally provide a test circuit As a 
result, a cost for developing a semiconductor device can 
be reduced as a whole. 

According to the present invention, by forming a first 10 
circuit block and a second circuit block respectively hav- 
ing different block parameters on different semiconduc- 
tor chips and electrically connecting these circuit blocks, 
it is possible to solve various problems caused by the 
circuit where a plurality of circuit blocks having different is 
block parameters are integrated on one and the same 
semiconductor chip. 

In particular, by classifying the circuit blocks into two 
groups and separately forming the two groups of circuit 
blocks on a memory core section chip formed by per- 20 
forming a first semiconductor fabrication process and a 
memory peripheral circuit section chip formed by per- 
forming a second semiconductor fabrication process dif- 
ferent from the first semiconductor fabrication process, 
only the memory core section chip is required to be 25 
formed by an expensive memory process and the mem- 
ory peripheral circuit section chip can be formed by an 
inexpensive logic LSI process, so that the cost for fabri- 
cating a semiconductor memory device can be advanta- 
geously reduced. 30 

In addition, the expensive process is required only 
for the memory core section laid out at the pitch of the 
memory cells in the memory core section chip, so that 
the memory peripheral circuit section as well as the sig- 
nal processor can be fabricated by performing a semi- 35 
conductor fabrication process at a lower cost as 
compared with the expensive memory process. Accord- 
ingly, when a large-scale signal processor is formed in 
the signal processing chip, the increase in the size of the 
signal processing chip with a memory peripheral circuit 40 
section can be considerably reduced as compared with 
a signal processing chip without a memory peripheral cir- 
cuit section. Moreover, the provision of the memory 
peripheral circuit section hardly reduces the production 
yield of the chip and scarcely increases the cost thereof, 45 
thereby effectively lowering the cost of the semiconduc- 
tor device forming the system. 

Furthermore, by connecting a memory core section 
chip which includes memory cells for storing a data 
therein and is formed by performing a first semiconductor so 
fabrication process, and a signal processing chip which 
includes a memory peripheral circuit section and a signal 
processor for processing a signal using the data stored 
in the memory core section chip and is formed by per- 
forming a second semiconductor fabrication process dif- 55 
ferent from the first semiconductor fabrication process, 
the data can be transmitted at a high rate between the 
signal processing chip and the memory core section 
chip, thereby effectively improving the performance of 



the system. Moreover, by transmitting a plurality of data 
and processing the data in parallel, the system can effec- 
tively operate at a low voltage and a low power consump- 
tion, and the system can be produced at a lower cost. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 

Claims 

1 . A semiconductor device comprising a plurality of cir- 
cuit blocks including a first circuit block and a second 
circuit block, a block parameter of the first circuit 
block being different from a block parameter of the 
second circuit block. 

wherein the first circuit block is formed on a 
first semiconductor chip, and the second circuit 
block is formed on a second semiconductor chip and 
is electrically connected with the first circuit block. 

2. A semiconductor device according to claim 1. 
wherein the block parameter is a parameter selected 
from the group consisting of: an operational clock 
frequency; a design rule; a threshold value (Vt) of a 
transistor; a power voltage; whether the circuit block 
consists of digital circuits or analog circuits; whether 
the circuit block is an ordinary MOS circuit, a CMOS 
circuit, a bipolar circuit, or a bi-CMOS circuit; 
whether the circuit block is a ROM or a RAM; and 
whether the circuit block is a logic circuit or a mem- 
ory. 

3. A semiconductor device according to claim 1, 
wherein the first circuit block is a memory cell block 
including a plurality of memory cells, and the second 
circuit block is a memory peripheral circuit block for 
accessing selected memory cells of the memory cell 
block. 

4. A semiconductor device according to claim 1, 
wherein the first circuit block is a CPU core, and the 
second circuit block is a peripheral circuit block. 

5. A method for fabricating a semiconductor device, 
comprising the steps of: 

grouping a plurality of circuits which are inte- 
gratable on one and the same semiconductor chip 
into a first circuit block and a second circuit block, a 
block parameter of the first circuit block being differ- 
ent from a block parameter of the second circuit 
block; 

forming the first circuit block on a first semi- 
conductor chip; 

forming the second circuit block on a second 
semiconductor chip; and 
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electrically connecting the first circuit block 
with the second circuit block. 

6. A method for fabricating a semiconductor device 
according to claim 5. wherein the block parameter is s 
a parameter selected from the group consisting of: 

an operational clock frequency; a design rule; a 
threshold value (Vt) of a transistor; a power voltage; 
whether the circuit block consists of digital circuits 
or analog circuits; whether the circuit block is an ordi- w 
nary MOS circuit, a CMOS circuit a bipolar circuit, 
or a bi-CMOS circuit; whether the circuit block is a 
ROM or a RAM; and whether the circuit block is a 
logic circuit or a memory. 

15 

7. A method for fabricating a semiconductor device 
according to claim 5, wherein the first circuit block is 
a memory cell block including a plurality of memory 
cells, and the second circuit block is a memory 
peripheral circuit block for accessing selected mem- 20 
ory cells of the memory cell block. 

8. A method for fabricating a semiconductor device 
according to claim 5, wherein the first circuit block is 

a CPU core, and the second circuit block is a periph- 25 
eral circuit block. 

9. A semiconductor device comprising a plurality of cir- 
cuits, which are integratable on one and the same 
semiconductor chip, grouped into a first circuit block 30 
and a second circuit block, a block parameter of the 
first circuit block being different from a block param- 
eter of the second circuit block, 

wherein the first circuit block is formed on a 
first semiconductor chip, 35 

and wherein the second circuit block is 
formed on a second semiconductor chip and is elec- 
trically connected with the first circuit block. 

10. A semiconductor device according to claim 9, <o 
wherein the block parameter is a parameter selected 
from the group consisting of: an operational clock 
frequency; a design rule; a threshold value (Vt) of a 
transistor; a power voltage; whether the circuit block 
consists of digital circuits or analog circuits; whether 45 
the circuit block is an ordinary MOS circuit, a CMOS 
circuit, a bipolar circuit, or a bi-CMOS circuit; 
whether the circuit block is a ROM or a RAM; and 
whether the circuit block is a logic circuit or a mem- 
ory. 50 

11. A semiconductor device comprising a first circuit 
section having a plurality of circuit blocks for per- 
forming at least a first function, and a second circuit 
section having a circuit block for performing a sec- 55 
ond function which is different from the first function, 

wherein at least one circuit block of the plu- 
rality of circuit blocks of the first circuit section is 
formed on a first semiconductor chip together with 



the circuit block of the second circuit section, 

and wherein the other circuit blocks of the first 
circuit section are formed on a second semiconduc- 
tor chip which is different from the first semiconduc- 
tor chip, and the other circuit blocks are electrically 
connected with the circuit block formed on the sec- 
ond semiconductor chip, 

and wherein a block parameter concerning 
the at least one circuit block of the first circuit section 
formed on the first semiconductor chip is closer to a 
block parameter concerning the circuit block of the 
second circuit section as compared with a block 
parameter concerning the other circuit blocks of the 
first circuit section formed on the second semicon- 
ductor chip. 

12. A semiconductor device according to claim 11, 
wherein the first circuit section at least comprises a 
memory cell block and a memory peripheral circuit 
block as the plurality of circuit blocks for performing 
the first function, 

and wherein the second circuit section com- 
prises a signal processor as the circuit block for per- 
forming the second function, 

and wherein the signal processor and the 
memory peripheral circuit block are formed on the 
first semiconductor chip and the memory ceil block 
is formed on the second semiconductor chip. 

13. A semiconductor device according to claim 11, 
wherein the block parameter is a parameter selected 
from the group consisting of: an operational clock 
frequency; a design rule; a threshold value (Vt) of a 
transistor; a power voltage; whether the circuit block 
consists of digital circuits or analog circuits; whether 
the circuit block is an ordinary MOS circuit, a CMOS 
circuit, a bipolar circuit, or a bi-CMOS circuit; 
whether the circuit block is a ROM or a RAM; and 
whether the circuit block is a logic circuit or a mem- 
ory. 

1 4. A memory peripheral circuit section chip comprising : 

an input/output terminal for transmit- 
ting/receiving a signal to/from another semiconduc- 
tor memory core chip having a memory cell array, 
and 

a memory peripheral circuit for designating a 
memory cell of the memory cell array in the semi- 
conductor memory core chip based on a given 
address so as to read/write a data from/onto the 
memory cell. 

15. A memory core chip comprising: 

an input/output terminal for transmit- 
ting/receiving a signal to/from another semiconduc- 
tor chip having a memory peripheral circuit, and 

a memory cell array, 

wherein a memory cell is designated by the 
memory peripheral circuit of the semiconductor chip 
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based on a given address so as to read/Write a data 
from/onto the memory cell. 

16. A semiconductor memory device comprising: 

at least one memory core section chip formed 5 
by performing a first semiconductor fabrication proc- 
ess; 

a memory peripheral circuit section chip 
formed by performing a second semiconductor fab- 
rication process which is different from the first sem- w 
(conductor fabrication process; and 

a means for connecting the memory core 
section chip with the memory peripheral circuit sec- 
tion chip. 

15 

1 7. A semiconductor memory device according to claim 
16, wherein the memory core section chip com- 
prises a memory cell for storing a data therein, 

and wherein the memory peripheral circuit 
section chip designates the memory cell in the mem- 20 
ory core section chip based on a given address so 
as to readtorite a data from/onto the memory cell. 

18. A semiconductor memory device comprising: 

a plurality of memory core section chips 25 
formed by performing a first semiconductor fabrica- 
tion process; 

a memory peripheral circuit section chip 
formed by performing a second semiconductor fab- 
rication process different from the first semiconduc- 30 
tor fabrication process; and 

a means for connecting the plurality of mem- 
ory core section chips with the memory peripheral 
circuit section chip. 

wherein the plurality of memory core section 35 
chips commonly use at least a part of circuits 
included in the memory peripheral circuit section 
chip. 

19. A semiconductor device comprising: 40 

at least one memory core section chip includ- 
ing a memory cell, formed by performing a first sem- 
iconductor fabrication process, for storing a data 
therein; 

a signal processing chip including a memory 45 
peripheral circuit section formed by performing a 
second semiconductor fabrication process which is 
different from the first semiconductor fabrication 
process, and a signal processor for processing a sig- 
nal using the data stored in the memory core section so 
chip; and 

a means for connecting the memory core 
section chip with the signal processing chip. 

20. A semiconductor device according to claim 19, ss 
wherein the memory peripheral circuit section des- 
ignates the memory cell in the memory core section 
chip based on a given address so as to read/write a 
data from/onto the memory cell. 



21 . A semiconductor memory device according to claim 
19, wherein a plurality of the memory core section 
chips are provided, and commonly use at least a part 
of circuits of the memory peripheral circuit section. 

22. A semiconductor device comprising a memory chip 
and a signal processing chip which are mounted on 
one and the same substrate, 

wherein the memory chip comprises: a mem- 
ory cell array section including a plurality of memory 
cells for storing a data therein; an access means for 
designating a memory cell in the memory cell array 
section based on a given address so as to input/out- 
put data thereto/therefrom; and a data terminal for 
inputting/outputting a plurality of data in parallel, 

and wherein the signal processing chip com- 
prises a data terminal for inputting/outputting a plu- 
rality of data in parallel. 

and wherein a means for transmitting a plu- 
rality of data in parallel between the memory chip 
and the signal processing chip is provided. 

23. A semiconductor device according to claim 22, 
wherein the memory chip is formed by performing a 
first semiconductor fabrication process. 

and wherein the signal processing chip is 
formed by performing a second semiconductor fab- 
rication process which is different from the first sem- 
iconductor fabrication process. 

24. A semiconductor device according to claim 22, 
wherein the signal processing chip further com- 
prises a plurality of signal processors. 

25. A semiconductor device comprising a memory core 
section chip and a signal processing chip which are 
mounted by utilizing multi-chip module mounting 
technologies. 

wherein the memory core section chip com- 
prises: a memory cell array including a plurality of 
memory cells for storing a data therein; and a data 
terminal for inputting/outputting a plurality of data in 
parallel, 

and wherein the signal processing chip com- 
prises a data terminal for designating a memory cell 
in the memory core section chip based on a given 
address so as to read/write a data from/onto the 
memory cell and input/output a plurality of data in 
parallel, and a plurality of signal processors, 

and wherein a means for transmitting a plu- 
rality of data in parallel between the memory core 
section chip and the signal processing chip is pro- 
vided. 

26. A semiconductor memory device according to claim 
25, wherein the memory core section chip is formed 
by performing a first semiconductor fabrication proc- 
ess, 

and wherein the signal processing chip is 
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formed by performing a second semiconductor fab- 
rication process which is different from the first sem- 
iconductor fabrication process. 
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